The beam orbit system of the LEP electron-positron collider is able to store the beam position over 1000 turns following a deflection by a horizontal kicker. A precise analysis of such 1000-turn data for many beam position monitors was used to study the dependence of the tune on the horizontal amplitude. The horizontal tune shift with amplitude was determined from the decay of the beam oscillation for various LEP optics. This parameter turned out to be an important issue for the LEP high energy optics.
MOTIVATION
During the last years stronger focusing lattices have been developed to improve the LEP performance at high energy [l] . This search for a good high energy optics has revealed the importance of the horizontal detuning with amplitude (anharmonicity) to guarantee a sufficient aperture for the beam. This is due to the fact that with the regular tune working point at LEP (the fractional part of Q H is about 0.28) a large detuning with amplitude drives particles on the third order resonance.
DAMPED COHERENT OSCILLATIONS
The detuning with amplitude can be determined from an analysis of "1000-turn" measurements. A coherent horizontal oscillation is excited by a single kick and the centreof-charge position of the bunch is observed over 1024 consecutive turns. Figure 1 shows such a 1000-turn measurement for one BPM. The moment of the kick is clearly visible. A phase space representation of the same dataset is shown in figure 2 where the horizontal centre-of-chargepo- 
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at LEP is composed of radiation and head-tail damping:
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where &' is the chromaticity, I , the hunch current and E , the beam energy. 
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This relation holds down to very low bunch currents. No filamentation effect is observed down to the smallest measurable currents. In general the head-tail effect is the dominating damping mechanism. Figure 3 shows such a global fit. The first plot shows the measured data, the second one the results of the fit and the third an overlay of measurement and fit results. The last plot of fig. 3 shows the fit residuals. Obviously the damping behaviour is very well reproduced by the fit model.
EXTRACTING THE HORIZONTAL DETUNING WITH AMPLITUDE
A series of fits is used to extract the horizontal detuning with amplitude from the 1000-turn measurements. Using the damping time from the previously mentioned "global" fit, the tune evolution with time is extracted by fitting damped harmonic oscillations to subsamples of several the families). The horizontal detuning with amplitude has been measured for several such settings of the sextupoles. Figure 7 shows that the detuning can be changed in a controlled way. The measurement errors are drawn and the systematic uncertainty is shown.
DETUNING OPTIMISATION

SUMMARY
Measurements of damped coherent oscillations following a horizontal kick have been used to study the horizontal tune shift with amplitude. The horizontal detuning can be extracted in a precise and robust way and the measured tune shifts with amplitude confirm predictions of the LEP model.
ACKNOWLEDGEMENTS
Many thanks to all who have contributed to the results presented above and in particular to A. Hofmann, A. Verdier and J.M. Jowett for helpful and instructive discussions.
